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TCDD / FICZ
Responsiveness of a Xenopus laevis cell line to aryl hydrocarbon receptor ligands TCDD and FICZ
Leo B. Laub1, Brian D. Jones2, and Wade H. Powell1
Kenyon College Biology1 and Mathematics2 Departments
Frogs are extremely insensitive to the toxic effects of 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and related xenobiotics. Aryl 
hydrocarbon receptors (AHRs) from Xenopus laevis (African clawed frog) bind TCDD with at least 20-fold lower affinity than 
mouse AHRb-1, a likely mechanism for the lack of TCDD toxicity. Frog AHRs may nonetheless be highly responsive to 
structurally distinct compounds, especially putative endogenous ligands that may have important physiological or 
developmental functions.  In this study, we sought to determine the responsiveness of the X. laevis AHR pathway to the 
candidate endogenous ligand FICZ, a tryptophan photoproduct that exhibits high potency in mammalian systems. XLK-WG 
cells, derived from kidney epithelium, were found to express mRNAs encoding AHR1a, AHR1b, ARNT1, and ARNT2, 
demonstrating that this cell line expresses all fundamental components of the pathway. Consistent with results from rodent cell 
lines, cells exposed to FICZ for 3 hours expressed 10 to 100-fold greater quantities of CYP1A6 and 1A7 mRNAs than those 
exposed to the same concentrations for 24 hours, suggesting that induction is rapid but that the compound is subject to 
metabolic breakdown.  In contrast, TCDD induced a sustained response over the same time period.  Following a 3-hr exposure, 
the EC50 for FICZ for CYP1A7 mRNA induction was 50 nM, comparable to TCDD but substantially higher than reported for 
rodent cells.  mRNA from cells treated with 100 nM FICZ, 100 nM TCDD, or vehicle was analyzed using Affymetrix GeneChips.  
This experiment confirmed the extreme low responsiveness of the frog system to TCDD, which induced only 3 transcripts and 
repressed only one ≥2-fold. However, the list of transcripts similarly altered by FICZ was longer, including 25 induced transcripts 
and 3 repressed.  Overall, these studies demonstrate the responsiveness of XLK-WG cells to FICZ but suggest that like TCDD, 
its potency is substantially lower than observed mammalian systems. 
Abstract
AHR pathway
• The AHR is known to bind a wide variety of structurally diverse ligands. The 
most high affinity ligands are typically planar polynuclear aromatic 
hydrocarbons (PAHs) and halogenated aromatic hydrocarbons (HAHs), such 
as dioxin and dioxin-like molecules [3]. 
• 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) is a potent toxicant that 
exhibits high affinity AHR binding.
• African clawed frogs (Xenopus laevis) exhibit a degree of TCDD 
resistance unmatched by other vertebrates, likely because their AHRs bind 
TCDD with a very low affinity [5]
• 6-formylindolo [3,2-b]carbazole (FICZ) is a tryptophan photoproduct 
associated with UV-B response and the circadian timing system. It also has 
been shown to be a potent AHR binding ligand in mammals [6,7].
• The aim of this project was to compare the potency of FICZ related to TCDD 
in X. laevis kidney epithelial cells (WLK-WG). 
AHR ligands Gene expression profile
• The ayrl hydrocarbon receptor (AHR) is a basic-helix-loop-helix (bHLH)-
Per-Arnt-Sim (PAS) transcription factor [1]; its physiological purpose is 
poorly understood, although its broad conservation and AHR-knock out 
studies have demonstrated that it plays some important role [2].
• The AHR binds a wide variety of exogenous and endogenous ligands [3].
• Upon ligand binding, the AHR translocates to the nucleus, where it forms a 
heterodimer with ARNT and binds DNA [4].
• Subsequent CYP1A expression is used as a biomarker of AHR activation.
• In X. laevis, two paralog AHRs exist: AHR1 and AHR1; functional 
differences are currently unknown [5].
N
H
H
N
OH
O
O
Cl
ClCl
Cl
TCDD FICZ
Figure #1: The aryl hydrocarbon receptor pathway in X. laevis XLK-WG cells.
CYP1A6/7 gene induction
Figure #3. Time and dose dependent CYP1A7 induction by FICZ. X. laevis XLK-WG cells 
were treated with varying amounts of FICZ for 3 and 24 hours before RNA extraction and 
subsequent quantification of induced genes by real-time PCR. Error bars = possible RQ values 
based on the standard deviation of Ct.
Figure #4. CYP1A7 induction by FICZ. X. laevis XLK-WG cells were dosed with FICZ for 24 
hours before RNA extraction and relative quantification of induced genes by real-time PCR. 
FICZ EC50 = 50 nM. Error bars = possible RQ values based on the standard deviation of Ct.
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Figure #5. Genes induced or repressed 2-fold by FICZ or TCDD. XLK-WG cells were 
exposed to 100 nM FICZ, TCDD, or DMSO vehicle for 3 hours before total RNA extraction.  
Affymetrix microarrays were labeled by the UWBC Gene Expression Center in Madison, 
Wisconsin. Clustering and heat map production completed using dChip. Red boxes indicate 
relative gene induction; green boxes indicate repression.
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Results / Conclusions
• X. laevis XLK-WG express mRNAs encoding vital components of the AHR 
signaling pathway (Figure #2).
• FICZ induction of CYP1A7 and CYP1A6 decreases 10 to 100 fold after ~24 
hours, suggesting that FICZ is metabolized (Figure #3).
• The EC50 of FICZ is 50 nM -- much larger than that observed in rodent cells 
[8] (Figure #4).
• FICZ upregulated 25 transcripts and downregulated 3 transcripts two-fold or 
more; TCDD induced three transcripts and repressed only one (Figure #5).
• Studies comparing the relative potency of TCDD and FICZ continue.
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Figure #2. Expression of AHR pathway components and responsiveness to TCDD in 
XLK-WG cells. Cells were grown to near confluence and exposed to either DMSO vehicle (A) 
or 100 nM TCDD (B) for 24 hours before total RNA was extracted for use in RT-PCR analysis.
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